The missing links to link ubiquitin: Methods for the enzymatic production of polyubiquitin chains.
Attachment of ubiquitin (Ub) as monoUb and polyUb chains of different lengths and linkages to proteins plays a dominant role in very different regulatory mechanisms. Therefore, the study of polyUb chains has assumed a central interest in biochemistry and structural biology. An essential step necessary to allow in vitro biochemical and structural studies of polyUbs is the production of their chains in high quantities and purity. This is not always an easy task and can be achieved both enzymatically and chemically. Previous reviews have covered chemical cross-linking exhaustively. In this review, we concentrate on the different approaches developed so far for the enzymatic production of different Ub chains. These strategies permit a certain flexibility in the production of chains with various linkages and lengths. We critically describe the available methods and comment on advantages and limitations. It is clear that the field is mature to study most of the possible links, but some more work needs to be done to complete the picture and to exploit the current methodologies for understanding in full the Ub code.